Cognitive impairments are amongst the most debilitating deficits of schizophrenia and the best predictor of functional outcome. Schizophrenia is hypothesized to have a neurodevelopmental origin, making animal models of neurodevelopmental insult important for testing predictions that early insults will impair cognitive function. Rats exposed to methylazoxymethanol acetate (MAM) at gestational day 17 display morphological, physiological and behavioral abnormalities relevant to schizophrenia. Here we investigate the cognitive abilities of adult MAM rats. We examined brain activity in MAM rats by histochemically assessing cytochrome oxidase enzyme activity, a metabolic marker of neuronal activity. To assess cognition, we used a hippocampus-dependent two-frame active place avoidance paradigm to examine learning and spatial memory, as well as cognitive control and flexibility using the same environment and evaluating the same set of behaviors. We confirmed that adult MAM rats have altered hippocampal morphology and brain function, and that they are hyperactive in an open field. The latter likely indicates MAM rats have a sensorimotor gating deficit that is common to many animal models used for schizophrenia research. On first inspection, cognitive control seems impaired in MAM rats, indicated by more errors during the two-frame active place avoidance task. Because MAM rats are hyperactive throughout place avoidance training, we considered the possibility that the hyperlocomotion may account for the apparent cognitive deficits. These deficits were reduced on the basis of measures of cognitive performance that account for motor activity differences. However, though other aspects of memory are intact, the ability of MAM rats to express trial-to-trial memory is delayed compared to control rats. These findings suggest that spatial learning and cognitive abilities are largely intact, that the most prominent cognitive deficit is specific to acquiring memory in the MAM neurodevelopmental model, and that hyperactivity can confound assessments of cognition in animal models of mental dysfunction.
Introduction
Cognitive deficits are the most debilitating of schizophrenia and the best predictor of functional outcome (Nuechterlein et al., 2008) . Antipsychotics primarily target the dopaminergic system and do little to improve cognitive deficits (Weinberger, 2007) . As such, animal models with well-characterized schizophreniarelated cognitive deficits are important for developing procognitive treatments. Efforts to study cognition in rodents have focused on place learning and other navigation behaviors that require spatial computations (Buzsaki & Moser, 2013) . In the present study, we examine learning, memory, cognitive control, and cognitive flexibility within a single behavioral paradigm, the active place avoidance task, which facilitates comparisons across the cognitive domains.
Schizophrenia is increasingly hypothesized to be a neurodevelopmental disorder (Insel, 2010) in an attempt to explain the relationships between genetic susceptibilities, altered development, and the clinical symptoms. Understanding the link between these factors is a major challenge for schizophrenia research that may be best investigated using controlled manipulations in animal models that make it possible to identify the relationships between specific genes, developmental phases, neural circuit function, and cognitive behaviors. The gestational day 17 methylazoxymethanol acetate (MAM) exposure model of neurodevelopmental insult has emerged as an important model for schizophrenia research
